Objectives To quantify the extent of the variation in hospital admission rates between general practices, and to investigate whether this variation can be explained by factors relating to the patient, the hospital, and the general practice. Design Cross sectional analysis of routine data. Setting Merton, Sutton, and Wandsworth Health Authority, which includes areas of inner and outer London. Subjects 209 136 hospital admissions in 1995-6 in patients registered with 120 general practices in the study area. Main outcome measures Hospital admission rates for general practices for overall, emergency, and elective admissions. Results Crude admission rates for general practices displayed a twofold difference between the 10th and the 90th centile for all, emergency, and elective admissions. This difference was only minimally reduced by standardising for age and sex. Sociodemographic patient factors derived from census data accounted for 42% of the variation in overall admission rates; 45% in emergency admission rates; and 25% in elective admission rates. There was a strong positive correlation between factors related to deprivation and emergency, but not elective, admission rates, raising questions about equity of provision of health care. The percentage of each practice's admissions to different local hospitals added significantly to the explanation of variation, while the general practice characteristics considered added very little. Conclusions Hospital admission rates varied greatly between general practices; this was largely explained by differences in patient populations.The lack of significant factors related to general practice is of little help for the direct management of admission rates, although the effect of sociological rather than organisational practice variables should be explored further. Admission rates should routinely be standardised for differences in patient populations and hospitals used.
Introduction
Large variations have been observed between British general practices in several measures relating to the process and outcome of health care, including outpatient referrals, 1-7 uptake of breast screening, 8 uptake of cervical screening, 9 prescribing patterns, 10 11 and night visits. 12 13 Variations in hospital inpatient admission rates have been investigated for specific subgroups such as patients with asthma 14 15 and children.
the reasons for, the variation in overall hospital admission rates.
If variation in admission rates cannot be accounted for by differences in patient morbidity or by artefacts in data, then questions arise regarding equity of access to hospital care, appropriateness of hospital referrals and admissions, and effectiveness of primary care. The current transfer of control to the primary care sector against a background of increasing admission rates 17 highlights the need for research in this subject. We quantified the extent of the variation in hospital admission rates between general practices and investigated whether this variation can be explained by factors relating to the patient, the hospital, and the general practice.
Methods
Data were initially collected on all 133 general practices accountable to Merton, Sutton, and Wandsworth Health Authority in south London in April 1996.
Hospital admissions-Information on hospital inpatient admissions was obtained from the South Thames Regional Health Authority's patient information database, which collated data on all residents of South Thames admitted to NHS hospitals throughout England and Wales. Completed hospital spells that resulted in a discharge between January 1995 and December 1996 were selected, and admissions rather than episodes were counted. Admissions with a length of stay over 1 year were excluded to remove patients whose care may have been influenced by earlier configurations of partners. When the patient's general practice code was missing, a practice was allocated on the basis of the general practitioner code, when available, or by matching the age, sex, and postcode of the patient with information from the age-sex register. Around half the missing practice codes were imputed in this way.
Age-sex register data-The age, sex, and postcode of patients registered with general practices in April 1996 were obtained from the health authority's age-sex register. Detailed information was available only for residents of Merton, Sutton and Wandsworth, and all analyses were restricted to this subset of patients.
Sociodemographic profile of patient populationsEnumeration district data from the 1991 census were allocated to patients on the basis of their postcode and averaged across practice populations to give proxy sociodemographic variables for each practice. 18 Definitions of the census variables used are given elsewhere. 9 General practice and hospital variables-The health authority provided data on general practitioners and general practices relating to mid-1996. Data for individual general practitioners were summed or averaged as appropriate to provide a single figure per practice. The proportion of each practice's admissions to each of the six main local general hospitals was calculated.
Exclusions-Thirteen general practices were excluded: three were set up during 1995; nine had large fluctuations in the number of registered patients during the study period because of practice splits and other partnership changes; and the patients of one practice were all living in a nursing home. There remained 120 practices for analysis.
Calculation of admission rates-Crude annual admission rates are defined as the number of admissions for each general practice per year per 100 patients registered at that practice. Admission ratios standardised for age and sex were calculated by the indirect method 19 ; numbers greater than 100 represent more admissions than expected and numbers less than 100 represent fewer admissions than expected. Standardised admission ratios are hereafter also referred to as standardised admission rates.
Statistical analysis-The association between admission rates and possible explanatory factors was investigated with Pearson's correlation for continuous variables; t tests to compare means between the groups formed by categorical variables; and forward stepwise multiple regression for multivariate modelling. Admission rates were all normally distributed. Spearman's rank correlation was used to investigate associations with the percentage of admissions to different hospitals, however, because several of these variables were highly skewed. Analyses were conducted with SPSS for Windows, version 6.1. Figure 1 shows the numbers of admissions included and excluded in the study. and age-sex standardised admission rates across practices are summarised in table 1, and figure 2 shows the shape of the distribution for crude overall admission rates. The ratio of the 90th centile to the 10th centile shows about a twofold difference in crude admission rates between practices for all, emergency, and elective admissions, while the ratio of the maximum to minimum rates is between threefold and fivefold. Standardisation of the admission rates for differences in the age and sex distributions of practices reduced the ratio of maximum to minimum rates to a factor of between 2.5 and 3.5, with only a slight reduction in the spread between the 10th and 90th centiles.
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Results
Admission rates
The correlation between crude and standardised rates for all admissions was high (r = 0.95; P < 0.001), indicating little change in the ranking of practices by standardising for age and sex. There was also a strong positive correlation between standardised elective and emergency admission rates (r = 0.64; P < 0.001).
Univariate analyses
Significant correlations with age-sex standardised admission rates were found for many of the patient factors derived from the census, including the proportion chronically ill, who moved house in the last year, who were unskilled, and of one parent families (table 2) . In general larger correlations were observed for emergency rather than elective admission rates. The proportion of admissions to three local general hospitals were each significantly associated with admission rates, with an inverse relation for two hospitals and a positive relation for the third. Of the 18 variables related to the general practice that were investigated, the only significant result was that fundholders had lower emergency admission rates (tables 3 and 4). Given the strong links between patient factors and admission rates, however, the meaning of the univariate associations with hospital and practice factors is unclear, and multivariate analysis is required.
Multivariate analyses
The first factors added to the multivariate model were those related to patients, followed by factors related to hospital and then general practice, reflecting the need to model variables that are effectively fixed before inclusion of those that are more capable of being changed. For both overall and emergency admission rates three patient factors emerged as independently significant-namely, the proportion chronically ill, the proportion unskilled (both positively related to admission rates), and the proportion who moved house in the past year (negatively related). These three factors together accounted for 41.5% and 45.0% of the variation in overall and emergency admission rates, respectively. For elective admission rates only the proportion chronically ill and the proportion who moved house in the past year were independently significant, accounting for 25.1% of the variation. The fit of each of the three models was improved by adding the proportion of admissions to the six local general hospitals (all admissions F 6,110 = 2.96; P = 0.010; emergency admissions F 6,110 = 3.84; P = 0.002; elective admissions F 6,111 = 2.42; P = 0.031). The total variation explained by the models increased to 49.6%, 54.5%, and 33.7% for all admissions, emergency admissions, and elective admissions, respectively.
Three general practice variables produced a small but significant improvement in the fit of the models-namely, the practice's rate of uptake for cervical smears (all three models), child health surveillance offered (all admissions plus emergency), and minor surgery offered (all admissions plus elective). Each of these variables was positively correlated with admission rates. As these practice variables were strongly confounded with one another, only the single most significant factor was added to each model (table 5) . These final models explained 53.5%, 57.2%, and 36.8% of the variation in all, emergency, and elective admission rates, respectively.
Discussion
This study confirms that there is substantial variation in hospital admission rates between general practices, with a doubling between the 10th and 90th centiles of crude admission rates. Little of the variation observed in admission rates could be due to sampling variation as the rates were based on large numbers of admissions over 2 years. Previous studies have reported larger differences for both referral and admission rates 2 3 5 7 15
; however, they generally presented the range of observed values, which is inappropriate as it reflects outliers and increases with sample size.
Patient characteristics
Patient factors were by far the most important in explaining the variation in admission rates, particularly for emergency admissions, when they accounted for 45% of the variation. The patient variables were calculated from census data, which are now out of date, and provide only proxy measures on the basis of the patient's postcode. Therefore it seems likely that the true effects of these variables may be even larger than the strong associations found here. If fair and meaningful comparisons are to be made between general practices, then hospital admission rates must routinely be adjusted for differences in patient populations.
The significant patient factors found suggest the following interpretations: the proportion of chronically ill patients reflects underlying morbidity, which is in turn closely linked to deprivation; the proportion unskilled suggests a further deprivation effect; and the proportion who moved house in the past year may be explained by higher list inflation among practices based in areas of higher mobility, resulting in artificially reduced admission rates for these practices. Deprivation may affect admission rates directly through increased morbidity, or indirectly through later presentation resulting in more acute symptoms or by lack of social support at home forcing admission. That elective admission rates were not related to the proportion unskilled might be explained by the counteracting effect of patients in more affluent areas having greater ability to access services and in particular to influence the referral decision of their general practitioner. This apparently greater association of deprivation with emergency than with elective admission rates raises issues of equity of healthcare provision, which deserve further investigation. 21 The Jarman UPA8 score was less useful than a number of individual census variables in predicting admission rates, emphasising the limited value of this score in reflecting deprivation or workload for allocation of resources.
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General practice characteristics By contrast, general practice factors explained only a tiny proportion of the variation, providing little help for health authorities or primary care groups in considering how to influence admission rates. The variables which were significant-cervical screening uptake rates, minor surgery offered, and child health surveillance offeredmight be considered proxies for quality. It is therefore surprising that these variables were positively correlated with both emergency and elective admission rates. Contrary to commonly held beliefs, emergency admission rates were not higher for fundholders.
This study focused on organisational practice variables available from routine data. Future studies should explore whether the remaining variation can be explained by psychological and sociological factors relating to the thinking and behaviour of individual general practitioners and the interaction between doctor and patient. Reasons previously suggested for variation in referral behaviour include the ability to live with uncertainty, ability to manage patient pressure, relationships with local consultants, and previous complaints from patients. 5 23 Almost 10% of the variation in admission rates was explained by the use of different local general hospitals. This is probably an artefact arising from differential undercoding of the patient's general practice by different providers as the two hospitals linked to lower admission rates are known to have the biggest problem with missing practice codes. Alternative explanations would be different admission policies or a further area deprivation effect. It is important that comparative data on admission rates take account of differences between general practices related to provider as well as patient.
Data quality
One strength of the study is that the area covered by Merton, Sutton, and Wandsworth Health Authority is varied in terms of deprivation and affluence, covering both the urban and suburban. The limitations of the study are those associated with the use of routine data and highlight the need for improving data quality. Only patients resident in the health authority area could be included, leaving some border practices represented by a subset of their patients. More representative data could be analysed if adjacent health authorities shared information on patients living near their boundaries. The problems of list inflation in patient registration data and of missing general practice codes in admissions data have partly been accounted for by including the variable "proportion who moved in the past year" and the six hospital variables, respectively. Nevertheless, efforts to improve the accuracy of patient registration data and to influence providers to code the full required minimum dataset Key messages + There is substantial variation in hospital admission rates between general practices + Patient factors were by far the most important in explaining this variation whereas general practice characteristics explained a negligible amount, providing little help to those with an interest in managing admissions + Deprivation was more strongly related to emergency rather than to elective admission rates, raising issues around equity of healthcare provision + Admission rates should be standardised for differences in patient populations and hospitals used to give fair and meaningful comparisons between general practices + Improvements in the quality of routine health services data are essential to enable health authorities and primary care groups to interpret information correctly for all admissions must continue. 24 Greater quality assurance in the collection and production of routine health services data is essential at a time when primary care groups will increasingly be expected to understand and act on such information.
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